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5 T ISF OF RECOMBINANT GENE DELIVERY VECTORS FOR TREATING OR 

PREVENTING LYSOSOMAL STORAGE DISORDERS 

Technical Field 

The present invention relates to compositions and methods for treatmg 
10 diseases of the eye, and more specifically, to the use of various gene deliver\' vectors 
which direct the expression of selected gene products suitable for treating or 
preventing diseases of the eye and brain associated with lysosomal storage disorders 
and other genetic defects. 

15 Background Of The Invention 

Mucopolysaccharidoses (MPS) refer to a group of inherited lysosomal storage 
diseases, each of which is caused by the deficiency of a lysosomal enzyme that 
degrades glycosaminoglycans (GAGs). MPS patients exhibit undegraded GAGs in 
lysosomes, leading to lysosomal distention and progressive cellular and organ 
20 dysfunction, caused by accumulation of chondroitin, dermatan and heparan sulphate. 
Patients afflicted with MPS can have a variety of clinical features including short 
stature, progressive bone and joint abnormalities termed dysostosis multiplex, course 
facial features, deafness, corneal clouding, hepatosplenomegaly, mental retardation 
and premature death. The lysosomal storage defect can occur in the viscera, brain and 
25 skeleton, and the accumulated GAGs have a fibrillogranular appearance 
ultrastructurally (Vogler et al., J. Inher. Metab. Dis. 27:575-586, 1998). 

One member of this disease group is a hereditary retinal disease caused by (3- 
glucuronidase deficiency. Also known as MPS VII, it is a progressive condition, with 
most tissues affected including the CNS. 
30 Canine and murine models of MPS VII have been described (Haskins et al., 

Pediatr Res 75:980-984, 1984, Birkenmeier et al, JC//// Im est 53:1258-1256, 1989). 
The MPS mouse shares many common features with human patients, including the 
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ocular pathoiog\ (Li and Davidson, /WAS 1095; X'olger et al.. Am J 

l\iih(d 2' r-21 i^^On). These shared I'eaiures make the MPS mouse an attractive 
model for siud\ ing experimicntal treatment of a lysosomal disease For example, cells 
in diseased tissues contain numerous distended lysosomes. In the brain, both neurons 
5 and cells of glial Imeage are affected. In the eye, the retinal pigment epithelium 
(RPE ) is afrected. 

Cjene therapy has been used to treat a vanety of disorders and gene transter to 
the eve has been attempted using recombinant \ectors such as adenovirus (Li et al., 
Im cst Optluilmol \ 'is Sci :2543-2549, 1994; Borras ei al.. Gene Ther 6:515-524. 

10 1999: Li and Davidson, PSAS 9^:7700-7704, 1995; Sakamoto et al.. // Gene Ther 

.^":10S8-H.)9^, 1999) adeno-associated virus (Ah et al.. Hum Gene Ther 9:S1-S6, 1998. 
Flanner\' et al., PSAS W:0916-6921. 1997; Bennett et al.. Invest Opihalmol I'ls Sei 
3S:2S57-2S()3, 1997; jomar\' el al.. Gene Ther «.r:6S3-69U, 1997, Rolling et al.. Hum 
Gene Ther 70:641-648. 1999; Ali et al.. Hum Mol Genet .V591-594, 1996) and human 

15 immunodeficiency virus (Miyoshi el al.. PA:-1.S' 9-^:10319-23, 1997; Takahashi ctal., J 
Virol 7.?:7S 12-78 16, 1999). Each of these viruses infect slightly different populations 
of cells. For example, an intravitreal injection of adenovirus infects cells only in the 
anterior segment of the eye, mainly the corneal endothelium and iris pigmented 
epiiheUum, while a subreimal injection results mainly in positive RPE and muller 

20 cells (Li el al.. Invest Opthalmol Vis Set 35:2543-2549, 1994; Li and Davidson, PNAS 
9:^:7700-7704, 1995; Sakamoto et al., H Gene Ther 5:1088-1097, 1999, AAV 
injected intravitreally results m transduction of the ganglion cell layer and the RPE. 
A subretinal injection produces posili\'e photoreceptors, in addition to the RPE and 
ganglion cells (Ali et al.. Hum Mol Genet 5:591-594, 1996). Studies with HIV 

25 injected subretinally have shown efficient transduction of the RPE and photoreceptors 
(Miyoshi et al., PNAS 94 10319-23, 1997; Takahashi et al., J Virol 7J:78 12-7816, 
1999), 

Recombinant retroviral gene deliver\' methods have been extensively utilized 
in other gene therapy approaches, in pan due to: ( 1 ) the efficient entry of genetic 
30 material (the vector genome) into cells; f2) an active, efficient process of entr\' into 
the target cell nucleus; (3) relatix ely high levels of gene expression; (4) the potential 
to target particular cellular subtypes through control of the vector-target cell binding 
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and the lissue-spccific control of gene expression: (5) a general lack of pre-existing 
host immunity; (6) substantial knowledge and clmical experience which has been 
gained with such vectors: and (7) the capacity for stable and long-terai expression. 

Briefly, retroviruses are diploid positive-strand RNA viruses that replicate 
through an integrated DNA intermediate. Upon infection by the RNA virus, the 
retroviral genome is reverse-transcribed into DNA by a virally encoded reverse 
transcriptase that is carried as a protein in each retrovirus. The viral DNA is then 
integrated pseudo-randomly into the host cell genome of the infected cell, fomiing a 
**provirus" which is mhented by daughter cells. 

One type of retrovirus, the murine leukemia virus, or "MLV", has been widely 
utilized for gene therapy applications (see generally Mann et al. Cell iJ.T53, 1983: 
Cane and Mulligan, PNAS 81:6349, 1984: and Miller et al.. Human Gene Therapy 
7:5-14, 1990). One major disadvantage of MLV-based vectors, however, is that the 
host range (i.e., cells infected with the vector) is limited, and the frequency of 
transduction of non-replicating cells is generally low. 

Feline immunodeficiency virus CTIV")-mediated gene therapy vector systems 
have also been described (see. International Publication Nos. WO 99/1 5641 and WO 
99/36511). 

The present invention provides compositions and methods for treating and 
preventing a number of retinal and brain diseases and degenerations such as RP and 
AMD, using retrovirus-mediated gene transfer and, further, provides other related 
advantages. 

Summar\' of the Invention 

The present invention provides compositions and methods for treating, 
preventing, or mhibiting diseases of the eye and the brain, and in particular, diseases 
of the eye and brain that result from lysosomal storage disease or from deficiency of 
retinal gene products. Within one aspect of the present invention, methods are 
provided for treating or preventing diseases of the eye or brain comprising the step of 
intravitreal administration of a gene delivery vector which directs the expression of 
one or more poKpeptides, proteins or enzymes, such that the disease is treated or 
prevented. Within certain embodiments of the invention, a viral promoter (e.g., 
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CM\' L a lissiic-spccinc promoier U'.i:.. opsin or RPIi ). or an inducible promoter t e.g.. 
let) IS uuii/ed to drive the expression o\ the poi\ peptide, protein or enzyme factor. 

Preterrcd gene dehvery \ectors siutable tbr use within the present invention 
ma> be generated from retroviruses such as Fl\' or HI\'. 
5 L'tili/mg the methods and gene dehver>* \ ectors prov ided herein a wide vanety 

ol' retinal diseases nia\ be readily treated or prevented, including for example, macular 
degeneration, diabetic retinopathies, inherited retinal degeneration such as retinitis 
pigmentosa, glaucoma, retinal detachment or injur\* and retinopathies. Genes 
encoding a wide vanety of poKpeptides, proteins or enzymes maN' be empkn ed, 
li> including those which, when expressed, prevent or alleviate the effects of the 
Ksosomal storage disorder. An example is p-glucuronidase. 

The invention therefore relates to a method of treating or pre\ entmg retinal 
diseases of the eye. comprising, administering intraviireously a gene deliver)' v ector 
w hich directs the expression of a poKpeptide, protein or enzyme, such that said retinal 
1 5 disease of the eye is treated or prevented. 

In certain embodiments, the protein, polypeptide or enzyme is selected from 
the group consisting of P-glucuronidase; neuraminidase; sphingomyelinase; 
sulfatases; arv lsulfatase P; P-galactosidase: a-galactosidase; ceramidase; 
glucocerebrosidase: P-hexosaminidase; galactosylceramidase; arxlsulfatase A; a-N- 
20 acetvlgalactosaminidase; aspartylglycosaminidase; a-L-fucosidase; a-mannosidase; 
P-mannosidase; sialidase; iduronate sulfatase; a-L-iduronidase; GalNac-4-sulfatase; 
Gal 6-sulfatase: hepann N-sulfatase; a-N-acetylglucosaminidase; acetyl-CoA; 
GlnNAc 6-sulfatase: a-glucosidasc; acid lipase; 6-phospho-N-acetylglycosamine 
transferase; a-neuraminidase; gangliosidase; tnpeptidyl protease; CLN3; and 
25 palmitoyl protem thioesterase (PPT). 

The invention further relates to treating retinal disease of the eye such as 
macular degeneration; diabetic retinopathy, inherited retinal degeneration, such as 
retinitis pigmentosa; and glaucoma. 

According to the invention, the said gene deliverv' vector is a retrovirus 
30 selected from the group consisting of HIV and FIV. 

The invention further provides methods of treating diseases including Sly 
syndrome: Salla disease: infantile sialic acid storage disease: cystinosis; Morbus 
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C'nuichcr disease; type 1 sialidosis; Batten's disease; Mucolipidosis Type IV; 
Hemiansky-Fudlak syndrome; ganuliosidosis; galactosialidosis; Type B Niemann- 
Pick disease; multiple sulfalase deficiency; Austin's disease; Morquio syndrome; 
apy'lsulfaiasc B deficiency; neuraminidase deficiency; p-galactosidase deficiency; 
Hurler^s disease; Hunter^s disease; Fabry disease: Farber disease; metachromatic 
Icukodystropy; Nicmann-Pick disease; Schindler disease; aspartylglycosaminuria; 
fucosidosis; a-mannosidosis; P-mannosidosis; sialidosis; Maroteaux-Lamy syndrome; 
Sanfilippo syndrome; Poinpe disease (glycogenosis 11); Wolman disease; I-cell 
disease: pseudo Hurler polydystrophy; and Krabbe disease. 

According to a preferred embodiment, the invention provides a method of 
treating or preventing cell damage in retinal epithelial cells associated with Sly 

svndrome in a human comprising administering to the human a gene delivery^ vector 

that directs the expression of P-glucuronidase. 

In a particularly preferred embodiment, the gene delivery vector is FIV. 
These and other aspects of the present invention will become evident upon 

reference to the following detailed description and attached drawings. In addition, 

various references are set forth herein which describe in more detail certain 

procedures or compositions. 

Brief Description of the Drawings 

Figures 1 A and IB show a comparison of liver sections from a normal (1 A) 
and MPS Vll-affected (IB) mouse. 

Figures 2 A and 2B show a companson of brain sections from a normal (2 A) 
and MPS Vll-affected (2B) mouse. 

Figures 3A-3C show the result of gene transfer to the eye after intravitreous 
injection of FIVpgal with evidence of gene transfer to the ins (3A) and retina (3B 
and 3C, a higher power view). 

Figure 4 shows that gene transfer with an FIV vector expressing a therapeutic 
gene product allows for prolonged expression of P-glucuronidase and extensive 
activity of p-glucuronidase throughout the brain. 

Figure 5 shows correction of the pathologic defect in MPS VII mice when a 
gene is expressed from this FIV vector. There is correction in the region w^here the 
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virus was iniccied (5B) and ai rciTiolo sues {5C). 5 A is a control tissue from a nonr.ai 
mouse. 

Deiailed Descnption of the Invention 

5 The practice ot the present mvenlion will emplox . unless otherwise indicated, 

coiu entional methods of protein chemistr\-. biocheniistr\ . recombinant DNA 
tccimiques and phamiacologv. w ithin the skill of the art. Such techniques are 
explained fully in the literature. See, e.g., T.E:. Creighton, Proteins: Siruciures and 
Molecular Properties (W'.H. Freeman and Company, 1993): A.L. Lelminger, 

IT) Binchcmisir\' (Worth Publishers, Inc.. curreni addition): Sambrook, et al.. Molecular 
Cloning: A Labora[nr\' Manual (2nd iidilion, 19S9): Meilunis In Ejizvmology (S. 
Colow'ick and N. Kaplan eds.. Academic Press, Inc.): Remingtoti's Fharmaceutical 
Sciences, ISth Edition (Easton. PeniiSN Kama: .Mack Publishing Compan\', 199U). 

It must be noted that, as used in this specification and the appended claims, the 

15 singular forms "a", "an" and "the" include plural referents unless the content clearly 

dictates otherwise. Thus, for example, reference to "a polypeptide*' includes a mixture 
of two or more polypeptides, and the like. 

DEF iNITIONS 

In describing the present invention, the following terms will be employed, and 
20 are intended to be defined as indicated below. 

"Gene delivery- \ ehicle" refers to a construct w hich is capable of delivering, 
and, within preferred embodiments expressing, one or more gene(s) or sequence(s) of 
interest in a host cell. Representative examples of such vehicles include viral vectors, 
nucleic acid expression \ ectors, naked DNA, and certain eukaryotic cells (e.g., 
25 producer cells). 

The terms '1enti\ iral \ ector construct,*' "lenti\ iral vector," and 'Recombinant 
Icntiviral \ ector'' are used interchangeably herein and refer to a nucleic acid construct 
derived from a lentivirus w hich carries, and within certain embodiments, is capable of 
directing the expression of a nucleic acid molecule of interest. Lentiviral vectors can 
30 have one or more of the lentiviral w ild-t\pe genes deleted in whole or part, as 
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described further below, but retain functional flanking long-lenninal repeat (LTR) 
sequences (also described below). Functional LTR sequences are necessar\^ for the 
rescue, replication and packaging of tbe lenliviral virion. Thus, a lentiviral vector is 
defined herein to include at least those sequences required in cis for replication and 
5 packaging (e.g., functional LTRs) of the virus. The LTRs need not be the wild-type 
nucleotide sequences, and may be altered, e.g., by the insertion, deletion or 
substitution of nucleotides, so long as the sequences provide for functional rescue, 
replication and packaging. 

Generally, a lentiviral vector includes at least one transcriptional promoter or 
10 promoter/enhancer or locus defining element(s), or other elements that control gene 
expression by other means such as alternate splicing, RNA export, post-translational 
modification of messenger, or post-transcriptional modification of protein. As 
explained above, such vector constructs also include a packaging signal, LTRs or 
functional portions thereof, and positive and negative strand primer binding sites 
1 5 appropriate to the retrovirus used (if these are not already present in the retroviral 

vector). Optionally, the recombinant lentiviral vector may also include a signal that 
directs polyadenylation, selectable and/or non-selectable markers, an origin of second 
strand DNA synthesis, as well as one or more restriction sites and a translation 
termination sequence. Examples of markers include, but are not limited to, neomycin 
20 (Neo), thymidine kinase (TK), hygromycin, phleomycin, puromycin, histidinol, green 
fluorescent protein (GFP), human placental alkaline phosphatase (FLAP), DHFR, P- 
galactosidase and human growth hormone (hGH). By way of example, such vectors 
tvpicallv include a 5' LTR, a tRNA binding site, a packaging signal, an origin of 
second strand DNA synthesis, and a 3' LTR or a portion thereof. 
25 The terms "FIV retroviral vector construct," "FIV vector," and ^'recombinant 

FIY vector" are used interchangeably to refer to a lentiviral vector construct, as 
defined above, which includes one or more FIV sequences. By way of example, such 
vectors typically include a 5' FIV LTR, a primer binding site, a packaging signal, an 
origin of second strand DNA synthesis, and a 3' FIV LTR. Heterologous sequences 
30 that are included in the vector construct are those which encode a protein, such as an 
enzyme, the expression of which is deficient in the selected target cells. 
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^'ExprcbSion cassette*' l elers to an assembU uhieli is capable of directing the 
expression ol the sequence! s) or genets) of interest. The expression cassette includes 
a promoter or promoter enhancer w hich is c^perably linked to <so as to direct 
transcription of) the sequencc(s) or gene(s) of interest, and often includes a 
pol\aden> lation sequence as well. Within cenain embodiments of the invention, the 
expression cassette described herein max* he contained w ithin a plasmid construct. In 
addition to the components of tiie expression cassette, the plasmid construct may also 
include a bacterial origin of replication, one or more selectable markers, a signal 
which allows the plasmid construct to exist as single-stranded DNA (e.g., a Ml 3 
origin of replication), at least one niultiple cloning site, and a "mammalian" ongin of 
replication (e.g., a S\'4U or adenovirus origin of replication). 

'Tackaging cell" refers to a cell which contains those elements necessaiy for 
production of infectious recombinant retrovirus w hich are lacking in a recombinant 
reiroN'iral vector. Packaging cells contain one or more expression cassettes which are 
capable of expressing proteins which encode gag. pol and f:v2\'-denved proteins. 
Packaging cells can also contain expression cassettes encoding one or more oi vif, rev, 
or ORF 2 in addition to gag/pol and env expression cassettes, 

''Producer cell" and ''Vector Producing Cell Line" ( VCL) refer to a cell w'hich 
contains all elements necessarv' for production of recombinant \ ector particles. 

"Lentiviral vector particle" as used herein refers to a recombinant leniivirus 
which cames at least one gene or nucleotide sequence of interest, which is generally 
flanked by lentiviral LTRs. The lentivirus may also contain a selectable marker. The 
recombinant lentivirus is capable of reverse transcribing its genetic material into DNA 
and incorporating this genetic material into a host cell's DNA upon infection. 
Lentiviral vector particles may have a lentiviral envelope, a non-lentiviral envelope 
(e.g.. an amphotropic or VSV'-G envelope), a chimenc envelope or a modified 
en\'elope (e.g.. truncated envelopes or en\'elopes containing hybnd sequences). 

'TIV vector particle" as utilized herein refers to a lentiviral particle, as defined 
abo\ e, w hich is dern ed from FI\\ 

The term "transfection" is used to refer to the uptake of foreign DNA by a cell. 
A cell has been ^Iransfected" when exogenous DNA has been introduced inside the 
cell membrane. A number of transfection techniques are generally known in the art. 
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See, e.g., Graham ct al. (1973) Vinjioi^-, 52:456. Sambrook ct al. (1989) Molecular 
Cloning, a laboratory manuaL C^old Spnng Harbor Laboratories, New York, Davis et 
al. (1086) Basic Methods in Molecular Biology. Hlscvier, and Chu el al. Gene 11:197, 
19S1 . Such techniques can be used to introduce one or more exogenous DNA 
5 moieties, such as a plasmid vector and other nucleic acid molecules, into suitable host 
cells. The term refers to both stable and transient uptake of the genetic material. 

The temi 'Iransduciion ' denotes the delivery of a DNA molecule to a recipient 
cell either in vivo or in vitro, via a replication-defective viral vector, such as via a 
rccombmanl lenliviral vector panicle. 
10 The temi "heterologous^' as it relates lo nucleic acid sequences such as gene 

sequences and control sequences, denotes sequences that are not nomially jomed 
together, and/or are not nomially associated with a particular cell. Thus, a 
"heterologous'' region of a nucleic acid construct or a vector is a segment of nucleic 
acid within or attached to another nucleic acid molecule that is not found in 
1 5 association with the other molecule in nature. For example, a heterologous region of 
a nucleic acid construct could include a coding sequence flanked by sequences not 
found in association with the coding sequence in nature. Another example of a 
heterologous coding sequence is a construct where the coding sequence itself is not 
found in nature (e.g., synthetic sequences having codons different from the native 
20 gene). Similarly, a cell transformed with a construct which is not normally present in 
the cell would be considered heterologous for purposes of this invention. Allelic 
variation or naturally occurring mutational events do not give rise to heterologous 
DNA, as used herein. 

The term "control elements" refers collectively to promoter regions, 
25 polyadenylation signals, transcnption termination sequences, upstream regulator>' 

domains, origins of replication, internal nbosome entry sites CTRES"), enhancers, and 
the like, which collectively provide for the replication, transcription and translation of 
a coding sequence in a recipient cell. Not all of these control elements need always be 
present so long as the selected coding sequence is capable of being replicated, 
30 transcribed and translated in an appropriate host cell. 

The term "promoter region" is used herein in its ordinary sense to refer to a 
nucleotide region comprising a DNA regulator\' sequence, wherein the regulatory' 
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sequence is den\ ed \ro:n a gene \s hich is capable ot binding RNA pol> nierase and 
iniiiaiinu transcnpiion of a downstream ( 3'-direciion) coding sequence. 

**(Verabl\ imkcd" refers to an arrangement of elements wherein the 
components so described are configured so as to pertomi their usual function. Thus, 
control elements operably linked to a coding sequence are capable of effecting the 
expression of the coding sequence. The control elements need not be contiguous with 
ib.e coding sequence, so long as they tunction to direct the expression thereof. Thus, 
for example, intcrx ening untranslated > el transcnbed sequences can be present 
between a promoter sequence and the coding sequence and the promoter sequence can 
siill he considered ^'operably linked" to the coding sequence. 

For the purpose of describing the relati\ e position of nucleotide sequences in a 
particular nucleic acid molecule throughout the mstani application, such as when a 
particular nucleotide sequence is descnbed as being situated '\ipstream," 
^'downstream." ''5." or ''3" relatix e to another sequence, it is to be understood that it is 
the position of the sequences in the non-transcribed strand of a DNA molecule that is 
being reterred to as is conventional in the art. 

Bv ^'isolated" when referring to a nucleotide sequence, is meant that the 
indicated molecule is present in the substantial absence of other biological 
macromolecules of the same type. Thus, an ^Msolated nucleic acid molecule which 
encodes a particular polypeptide" refers to a nucleic acid molecule which is 
substantially free of other nucleic acid molecules that do not encode the subject 
polypeptide: however, the molecule may include some additional bases or moieties 
which do not deleteriously affect the basic characteristics of the composition. 

'^Homology" refers to the percent identity between two polynucleotide or r^vo 
poK peptide moieties. Two DNA, or two polypeptide sequences are "substantially 
homologous" to each other when the sequences exhibit at least about 50°/o , preferably 
at least about 75%, more preferably at least about 80%-85^/o. preferably at least about 
90%. and most preferably at least about 95" o-98% sequence identity over a defined 
length of the molecules. As used herein, substantially homologous also refers to 
sequences showing complete identity to the specified DNA or polypeptide sequence. 

In general, ''identity" refers to an exact nucleotide-to-nucleotide or amino 
acid-to-amino acid correspondence of tw o poK nuclcotides or polypeptide sequences. 
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respectively. I^erceni identity can be detemiined by a direct comparison of the 
sequence information between two molecules by aligning the sequences, counting the 
exact number of matches between the two aligned sequences, dividing by the length 
of the shorter sequence, and multiplying the result by 100. Readily available 
computer programs can be used to aid in the analysis, such as ALIGN, Dayhoff, M.O. 
in Adas of Protein Sequence and Structure M.O. Dayhoff ed., 5 Suppl. 3:353-358, 
National biomedical Research Foundation, Washington. DC, which adapts the local 
homology algontlim of Smith and Watemian Advances in AppL Math. 2:482-489, 
1981 for peptide analysis. Programs for determining nucleotide sequence identity are 
a\'ailable m tlie Wisconsin Sequence Analysis Package, Version 8 (available from 
Genetics Computer C3roap, Madison, WI) for example, the BESTFIT, FASTA and 
GAP programs, which also rely on the Smith and Waiemian algonthm. These 
programs are readily utilized with the default parameters recommended by the 
manufacturer and descnbed m the Wisconsin Sequence Analysis Package referred to 
above. For example, percent identity of a particular nucleotide sequence to a 
reference sequence can be determined usmg the homology algorithm of Smith and 
Waterman with a default scoring table and a gap penalty of six nucleotide positions. 

Another method of establishing percent identity in the context of the present 
invention is to use the MPSRCH package of programs copyrighted by the University 
of Edinburgh, developed by John F. ColUns and Shane S. Siurrok, and distributed by 
IntelliGenetics, Inc. (Mountain View, CA). From this suite of packages the Smith- 
Watennan algorithm can be employed where default parameters are used for the 
scoring table (for example, gap open penalty of 12, gap extension penaUy of one, and 
a gap of six). From the data generated the "Match" value reflects '^sequence identity.'' 
Other suitable programs for calculating the percent identity or similanty betw^een 
sequences are generally known in the art, for example, another alignment program is 
BLAST, used with default parameters. For example, BLASTN and BLASTP can be 
used using the following default parameters: genetic code = standard; filter ^ none; 
strand - both; cutoff 60; expect = 10; Matrix - BLOSUM62; Descriptions = 50 
sequences; sort by = HIGH SCORE: Databases = non-redundant. GenBank + EMBL 
-H DDBJ -t PDB GenBank CDS translations Swiss protein + Spupdate + FIR. 
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Deia;!s of these programs can he lound at ihc follow ing inicmci address: 
http www nch:. nlm.gov cgi-hiri BLAST 

Aliemaiively. homology can be determmed by h\bridizaiion of 
pol\ nucleotides under conditions which form stable duplexes between homologous 
regions, tbllowed by digestion with singlc-siranded-specific nuclease(s), and size 
deiemiination of the digested fragments. DNA sequences that arc substantially 
homologous can be identified in a Southern hybridization experiment under, tor 
cxam.pie, smngeni conditions, as defined for that panicular system. Defining 
appropnatc In bndization conditions is w ithin the skill of the art. See, e.g., Sambrook 
et ah, supra: D\A Cloning, supni: Xucleu Acid Hxhndizaiio)} . supra. 

By ^'\ ertebrate subject'' is meant any member of the subphylum chordata, 
mcluding, without limitation, mammals such as cattle, sheep, pigs, goats, horses, and 
human and non-human prniiates: domestic animals such as dogs and cats: laboratory 
animals including rodents such as mice, rats and guinea pigs, and the hke; birds, 
including domestic, wild and game birds such as cocks and hens including chickens, 
turkeys and other gallinaceous birds; and fish. The term does not denote a particular 
aue. Thus, both adult and newborn animals, as well as fetuses, are intended to be 
covered. 



Modes of carrying out the invention 
Before describing the present invention in detail, it is to be understood that 
this invention is not limited to particular formulations or process parameters as such 
may, of course, var>\ It is also to be understood that the terminology used herein is 
for the purpose of descnbing particular embodiments of the invention only, and is not 
intended to be limiting. 

Although a number of compositions and methods similar or equivalent to 
those described herein can be used in the practice of the present invention, the 
preferred materials and methods are described herein. 

As noted abo\ e, the present invention provides compositions and methods for 
treating, preventing, or. inhibiting retinal diseases of the eye, comprising the general 
step of administering intravitreously a recombinant FIX' \ ector which directs the 
expression of one or more polypeptides, proteins or enzymes, such that the retinal 
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disease of the eye is treated or prevented. The invention also provides compositions 
and methods for treating, preventmg. or inhibitmg diseases of the brain related to 
lysosomal storage disorders. In order to further an understanding of the invention, a 
more detailed discussion is provided below regarding (A) gene delivery vectors; (B) 
polvpcptides. proteins or enzymes for use in treating lysosomal storage diseases; and 
(C) methods of administering the gene delivery vectors m the treatment or prevention 
of retinal diseases of the eye and diseases of the brain. 



A. Gene Deli\ er\^ Vectors 

] . Construction of retroviral ^enc deliver\^ vectors 

Within one aspect of the present invention, retroviral gene deliver\' vehicles 
are provided which arc constructed to carT>' or express a selected gcne(s) or 
sequcnce(s) of interest. Briefly, retroviral gene delivery vehicles of the present 
invention may be readily constructed from a wide variety of retroviruses, including 
for example, B, C, and D t\pe retroviruses as well as spumaviruses and lentiviruses 
such as FIV, HIV, HIV-1, HIV-2 and SIV (see RNA Tumor Viruses, Second Edition, 
Cold Spring Harbor Laboratory, 1985), Such retroviruses may be readily obtained 
from depositories or collections such as the American Type Culture Collection 
rATCC^^\ 10801 University Blvd., Manassas. VA 201 10-2209), or isolated from 
known sources using commonly available techniques. 

Any of the above retroviruses may be readily utilized in order to assemble or 
construct retroviral gene deliver>' vehicles given the disclosure provided herein, and 
standard recombinant teclmiques (e.g., Sambrook et al. Molecular Cloning: A 
Laboratory Ma?iuaL 2d ed.. Cold Spring Harbor Laboratory Press, 1989; Kunkle, 
PNAS (52:488, 1985). In addition, withm certain embodiments of the invention, 
portions of the retroviral gene delivery vehicles may be derived from different 
retroviruses. For example, w ithin one embodiment of the invention, retrovector LTRs 
may be derived from a Murine Sarcoma Vims, a tRNA binding site from a Rous 
Sarcoma Virus, a packaging signal from a Murine Leukemia Virus, and an origin of 
second strand synthesis from an Avian Leukosis Virus. 

Within one aspect of the present invention, retrovector constructs are provided 
comprising a 5' LTR, a tRNA binding site, a packaging signal, one or more 
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hcicrolo^ous sequences, an oriLiin oT second sirand DNA s\ nlhesis and a 3' LTR. 
whercni ihe vector construct lacks s^asf pol or cnv codini! sequences. 

Within certain embodiments oMhe nn ention. rctro\ irus \ ectors are pro\ ided 
wherein viral promoters, preferabK CM\' or S\*4( > promoters and or enhancers are 
utilized to dnve expression of one or more genes ot'mteresi. 

W ithin other aspects of the in\ ention, retrovirus vectors are pro\ ided wherein 
tissue-specific promoters are utili/cd to dnve expression of one or more genes of 
interest. 

ReiroN'irus \ ecTor constructs for use with the subject in\ ention ina\' be 
generated such that more ttian one gene of interest is expressed. This may be 
accomplished through the use of di- or oligo-cistronic cassettes (e.g., where the 
coding regions are separated b\ 12U nucleotides or less, see generally Levin et al.. 
(icfie /(M: 167- 174. 1991 ), or through the use of Internal Ribosome Entr\' Sites 

Within one aspect of the invention, self-inacti\'ating (SIN) vectors are made by 
deleting promoter and enhancer elements in the U3 region of the 3XTR, including the 
TATA box and binding sites for one or more transcription factors. The deletion is 
transferred to the 5*LTR after reverse transcription and integration in transduced cells. 
This results in the transcriptional inactivation of the LTR in the provirus. Possible 
advantages of SIN vectors include increased safety of the gene deliver\' system as 
w ell as the potential to reduce promoter interference betw een the LTR and the internal 
promoter w hich may result in increased expression of the gene of interest. 
Furthemiore, it is reasonable to expect tighter control of regulalable gene therapy 
vectors due to the lack of an upstream promoter element in the 5XTR. 

Fl\' vectors are particularly preferred for use herein. FI\' vectors may be 
readilv constructed from a wide vanet\- of FIV strains. Representative examples of 
FIV strains and molecular clones of such isolates include the Petaluma strain and its 
molecular clones FIV34TF10 and FIV 14 (Olmsted et al., RV^.V .S^6:8088-8092. 1989: 
Olmsted et al.. PAVli' 56:2448-2452. 1989; Talbot et ah, PXAS 86:5743-574''. 1989). 
the San Diego strain and its molecular clone PPR (Phillips et al., / Virolog} 6-4:4605- 
4613, 1990), the Japanese strains and their molecular clones FTM191CG and FI\'- 
TM2 (Mivazawa et al.. 7. l'iroIog\' 65: 1 572-1 577, 1 9^1 ) and the Amsterdam strain 
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and its molecular clone lOKl (SiebeUnk el al.. rirolo<rv 66:\iY)\-\i)91 . 1992). 
Such FIV strains may either be ohiaincd from feline isolates, or more prelerahly, from 
depositories or collections such as the ATCC, or isolated from known sources using 
commonly available techniques. 

Any of the above FIV strains may be readily utilized in order to assemble or 
construct FIV gene delivery vehicles given the disclosure provided herein, and 
standard rccombmant techniques (e.g., Samhrook et al. Molecular Cloning: A 
lahoraton' Manual 2nd ed., Cold Spnng Harbor Laboratory Press, 1989: Kunklc, 

52:488, 1985; International Publication Nos. WO 99/15641 and WO 
99/3651 1). In addition, withm certain embodiments of the invention, portions of the 
FIV gene delivery' vehicles may be derived from different viruses. For example, 
within one embodiment of the invention, recombinant FIV vector or LTR sequences 
may be partially derived or obtained from HIV, a packaging signal from SIV, and an 
origin of second strand synthesis from HIV-2. 

Within one aspect of the present invention, FIV vector constructs are provided 
comprising a 5' FIV LTR, a IRNA binding site, a packaging signal, one or more 
heterologous sequences, an origin of second strand DNA synthesis, an RNA export 
element and a 3' FIV LTR. Briefly, Long Terminal Repeats ('TTRs ^) are subdivided 
into three elements, designated U5, R and U3, These elements contain a variety of 
signals which are responsible for the biological activity of a retrovims, including for 
example, promoter and enhancer elements which are located w^ithin U3. LTRs may 
be readily identified m the provirus (integrated DNA form) due to their precise 
duplication at either end of the genome. For purposes of the present invention, a 5' 
FIV LTR should be understood to include as much of the native 5' FIV LTR m order 
to function as a 5* promoter or promoter/enhancer element to allow reverse 
transcription and integration of the DNA form of the vector. The 3' FIV LTR should 
be understood to include as much of the 3' FIV LTR to function as a polyadenylation 
signal to allow reverse transcription and integration of the DNA form of the vector. 

Additionally, FIV vector constructs may contain hybrid FIV LTRs where up to 
75% of the wildt>T3e FIV LTR sequence is deleted and replaced by one or more viral 
or non-viral promoter or promoter/enhancer elements (e.g., other retroviral LTRs 
and/or non-retroviral promoters or promoter/enhancers such as the CMV 
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pronioicr enhancer or the S\'4u promoter} similar to the hybrid L I Rs desenbed b\ 
Chang, et a!.. / I'iroiocr^ 6". "4?-''52, 19^)?: Finer, et ah. Blood 43-5u. 1^^94 and 
Rohinson, et al.. i'rcnc Therapy 1, 2(>^^2:'S. 1995. 

I he tRNA binding site and ongin of seeond strand DNA synthesis are also 
important for a retrovirus lo he biologicalK active, and may be readily identified by 
one of skill m the art. For example. tRNA binds to a retroviral tRNA binding site b\ 
Waison-Cnck base pairing, and is carried with the retrovirus genome into a \ iral 
panicle. The tRNA is then utilized as a primer for DNA synthesis by reverse 
transcriptase. The tRN.A binding site ma\ be readily identified based upon its 
location ]ust downstream fron^ the 5' LTR. Similarly, the origin of second strand 
DN.A synthesis is, as us name implies, important for the second strand DNA s\'nthesi5 
of a retro\ irus. This region, w hich is also referred to as the pol\ -purine tract, is 
located just upstream of the 3' LTR. 

I he packaging signal sequence of FIV directs packaging of \'iral genetic 
material into the viral particle. A major part of the packaging signal in FIV lies 
between the 5' FIV LTR and xhcgag/pol sequence with the packaging signal likely 
overlapping in part with the 5' area of the gag 'pol sequence. 

In addition to 5' and 3' FIV LTRs, a tRNA binding site, a packaging signal, 
and an origin of second strand DNA synthesis, certain preferred recombinant FIV 
vector constructs for use herein also comprise one or more genes of interest, each of 
which is discussed in more detail below. In addition, the FIV vectors may, but need 
not, include an RNA export element (also variously referred to as RNA transport, 
nuclear transpon or nuclear export elements) which may be the FIV RRE (Rev- 
responsive element) or a heterologous transport clement. Representative examples of 
suitable heterologous RNA export elements include the Mason-Pfizer monkey virus 
constituti\e transport element, the MPMV CTE (Bray et al., PNAS USA 9L 1256- 
1260, 1994), the Hepatitis B Virus posttranscnptional regulator\' element, the HBV 
PRE (Huang et ah, Mol. Cell. Biol. 7^:7476-7486, 1993 and Huang et al., J Virology 
6^^:3193-3199. 1994), other lentiviral Rev-responsive elements (Daly et a!.. Sature 
^72:816-819, 1989 and Zapp et ah. Nature 342 J\A-l\b, 1989) or the PRE element 
from the woodchuck hepatitis \ irus. Further RNA export elements include the 
element in Rous sarcoma virus lC)gert et al.. J. Virology "0 3834-3843. 1996, Liu & 
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Mcrtz, (icncs ct Dev. 9:1766-1789, 1995) and the clement in the genome of simian 
retrovirus type 1 (Zolotukhm et al.. J. T/ra/oo^' 6-V:7944-7952, 1994). Other potential 
elements include the elements in the histone gene (Kedes. Annu. Rev. Biochetn. 
4<S:^37-S70. 1970), the a interferon gene (Nagata et al.. Nature 2cV7:401-408, 1980), 
5 ihe P-adrcnergic receptor gene (Koilka et al, Nature 329\1S-19, 1987), and the c-Jun 
gene (Hattonc et al., P/V li^ 55:9148-9152, 1988). 

FIV vector constructs which lack both gag/pol and e?iv coding sequences may 
be used with the present invention. As utilized herein, the phrase "lacks gog/pol or 
env coding sequences'' should be understood to mean that the FIV vector contains less 
10 than 20, preferably less than 15, more preferably less than 10, and most preferably 
less than 8 consecutive nucleotides which are found m gag/pol or env genes, and in 
particular, within gag/pol or env expression cassettes that are used to construct 
packaging cell lines for the FIV vector construct. This aspect of the invention 
provides for FIV vectors having a low probability of undesirable recombination with 
1 5 gag/pol or env sequences which may occur in a host cell or be introduced therein, for 
example, by transformation with an expression cassette. The production of FIV 
vector constructs lacking gag/pol or env sequences may be accomplished by partially 
eliminating the packaging signal and/or the use of a modified or heterologous 
packaging signal. Within other embodiments of the invention, FTV vector constructs 
20 are provided w'herein a portion of the packaging signal that may extend into, or 

overlap with, the FIV gag/pol sequence is modified (e.g.. deleted, truncated or bases 
exchanged). Within other aspects of the invention, FIV vector constructs are provided 
which include the packaging signal that may extend beyond the start of the gag/pol 
gene. Within certain embodiments, the packaging signal that may extend beyond the 
25 start of the gag/pol gene is modified in order to contain one, two or more stop codons 
within ihG gag/pol reading frame. Most preferably, one of the stop codons eliminates 
the gag/pol start site. In other embodiments, the introduced mutation may cause a 
frame shift in the gag/pol coding region. 

Other retroviral gene delivery vehicles may likewise be utilized within the 
30 context of the present invention, including for example those described in EP 

0,415,731; WO 90/07936; WO 91/0285, WO 9403622; WO 9325698; WO 9325234; 
U.S. Patent No. 5,219,740; WO 9311230: WO 93 102 IS; Vile and Hart, Caneer Res. 
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.^\^^::^Shu-3:^()4. \ ilc and Han. i \nu cr Res ."^ .^.'n^Z-'h^'^ , Ram el al., 

CunccrRcs j^.>:S3-SS, 1 : Takamiya ci al.. \curr>s,i. Kcs .v^.4^)3-5< \')')2: 
Baba ci a!.../. .Vc'.vnj.vz/rir "9:'^2^)-"35. U>^)3 (U.S. Patent No. 4,"'-.!:"". GB 
:,2()n.hSi, HP 0,345.242 and WO^^l 02805). 

Packaging cell lines suitable for use with the above described retrovector 
constnicis may be readily prepared (see. e.g., L'.S. Patent Nos. 5, 591. 624 and 
(>,0 13.51": and Iniemaiional Publication No. WO 95 3(.)'^63). and utilized to create 
producer cell lines (also termed vector cell lines or ""VCLs") for the production of 
recombinant \ ector particles. Briefly, the parent cell line from which the packaging 
cell line is derived can be selected from a wide \ anet\ of mammalian cell lines, 
includinu for example, human cells, monkey cells, feline cells, dog cells, mouse cells, 
and the like. 

I'or example, potential packaging cell line candidates are screened by isolating 
the human placental alkaline phosphatase (PLAP) gene from the N2-derived retroviral 
\ ector pBAAP, and insening the gene into the FIV \'ector construct. To generate 
infectious virus, the construct is co-transfected with a \'SV-G encoding expression 
cassette (e.g., pMLP-G as described by Emi et al., J. I'lrology- 65, 1202-1207, 1991; 
or pCMV-G. see US Patent No. 5,670,354) into 293T cells, and the \ irus har\'ested 48 
hours after transfection. The resulting vims can be utilized to infect candidate host 
cells which are subsequently FACS-analyzed using antibodies specific for PLAP. 
Candidate host cells include, e.g., human cells such as HeLa ( ATCC CCL 2. 1 ), HT- 
10S0(ATCC CCL 121), 293 (ATCC CRL 1573), Jurkat (ATCC TIB 153), supTl 
(NTH AIDS Research and Reference reagent program catalog pIOO). and CEM 
(ATCC CCL 1 19) or felme cells such as CrFK (ATCC CCL 94). G355-5 (Ellen et aL, 
rirologv /cV7:165-177. 1992), MYA-1 (Dahl et aL, J. Virolog}' 67:1602-1608, 1987) 
or 3201-B (Ellen et al., JVra/ogi" 757: 165-1 77, 1992). Production of p24 and reverse 
transcnptase can also be analyzed in the assessment of suitable packaging cell lines. 

After selection of a suitable host cell for the generation of a packaging cell 
line, one or more expression cassettes are introduced into the cell line in order to 
complement or supply in trans components of the vector which ha\ e been deleted 
(see. e.g.. U.S. Patent Nos. 5.591,624 and 6,013.51"; and International Publication 
No. WO 95 30763 ). For example, packaging expression cassettes ma>- encode either 
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i^ai^ 'pol sequences alone, s^ag'pol sequences and one or more of vij, rev or ORI* 2, or 
one or more of vif, rev or ORF 2 alone and may contain an RN A export element. For 
example, the packaging cell line may contain only ORl^"' 2. vif, or rev alone, ORF 2 
and vif, ORF 2 and rev, vif and rev or all three of ORF 2. \7/and rev. 

Packaging cell lines may also comprise a promoter and a sequence encoding 
ORF 2. vif, rev, or an envelope (e.g., VSV-Cj). wherein the promoter is operably 
linked to the sequence encoding ORF 2. vif rev^ or the envelope. For packagmg cell 
lines containing inducible ga^ pol or euv expression cassettes, additional expression 
cassettes faciHtainig the transactivation of the inducible promoter may be 
incorporated. 

The expression cassette may or may not be stably integrated. The packagmg 
cell line, upon introduction of an FIV vector, may produce particles at a concentration 
of greater than 10\ lO", 10\10\ \0\ \{)\o\\ K/'cfu/ml. 

B. rreatment of Lysosomal Storage Diseases 

In humans, there are numerous inherited metabolic diseases affecting the CNS, 
many of which are the result of a deficiency in a soluble lysosomal enzyme, which 
would benefit from FIV-based gene therapy as disclosed herein. The long-lasting 
expression conferred by FIV-based vectors could be improved funher if coupled to 
recent advancements made in transcriptional regulation of transgene expression. Such 
vectors may find application not only to correction of lysosomal storage disease in 
humans, but also to diseases which may benefit from the protective effects of secreted 
growth factors, such as Parkinson's disease, Alzheimers disease, and the dominant 
neurodegenerative diseases such as Huntington's and the spinal cerebellar ataxias. 
5 Lysosomal diseases in humans that are amenable to treatment using the 

methods of the invention include Batten's disease (neuronal ceroid lipofuscinosis), 
which has autosomal recessive inhentance (Marshman et ah, Aust. N. Z. J. 
Ophthalmol. (1998) 26:251-254); mucolipidosis ty^^e IV, charactenzed by retinal 
degeneration and brain abnormalities (Frei et al. (1998) Neurology 51:565-569; Siegel 
0 et al. (1998) Elec, Clin. Neurophys. 106:400-403); and infantile cystinosis (Broyer, 
M. (1997) Rev. Prat. 47:1550-1553). 
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I icrmaiisk\ -Pudiak ^> nL!ron^e, which is an oUen fauii autosomal rcccssi\c 
disorder ( I cne ci a! < 1 Hiinv Mol. Cicnct. ). is also suiiahie for 

trcatmcni according lo ihc ir.\eniion. Feng ei al. describe a mouse disease that is 
homologous to the human s\ ndromc and pro\ idcs an animal model for the human 
5 disease, as well as for the Chediak-Higashi s\ndrome. Both human s\Tidromes are 

characien/.ed by i\ sosomal storage defects, and HPS is a single-gene disorder. Oh et 
al. in Nat. Genet. 14:3n()-3t.)(i ( 199(>) describe a transmembrane proiem that is 
detective m HPS patients due to truncation caused by a frameshiti mutation. 

Other suitable diseases include adult fomi galactosialidosis (Usui et al. ( 1993) 

lo .\letab. Pediatr. Syst. Ophthalmol. 16:19-22): Salla disease (Mancim et al. (1992) Eur. 
j. Pediatr. 1 5 1 :590-595); Type B Niemann-Pick disease resulting from deficiency or 
decreased activit\ of sphingomxelinase (Barton et al. ( 1992) Mctab. Pediatr. Syst. 
Ophthalmol. 1 5: 16-20): multiple sulfatase dcficienc\-, or Austin's disease (al Aqeel ei 
al. ( 1 992) J. Child Neurol. " Suppl. PS 1 2-21 ): Morquio syndrome (systemic 

15 mucopolysaccharidosis IV A) which can exhibit inclusions distnbuted in \'anous parts 
of the eye including the retinal pigment epithelium (Iwamoto et al. (1990) Graefes 
Arch. Clin. Exp. Ophthalmol. 228:342-349); and p-galactosidase deficiency ( Andia et 
al. (1978) Clin. Genet. 14:16-23). 

The methods of the invention also have use in the vetennar>' field includmg 

20 treatment of domestic pets and farm animals. Mumane at al. (1994) dcscnbed an 

ovine form of GM-1 gangliosidosis, and detected CNS abnormalities and blindness in 
some animals (J. Vet. Intern. Med. 8:221-223. Deficiencies of P-galactosidase and a- 
neuraminidase have also been reported in sheep (Mumane et al. (1989) .Am. J. Pathol. 
134:263-270). with CNS and ocular involvement. Stramm et al. ((1986) Invest. 

25 OphthamoL Vis. Sci. 27:1050-1057) reported a deficiency of arv'lsufatase B in a 
recessively inherited feline lysosomal storage disease. MPS VI. Tissues affected 
include the retinal pigment epithelium and other regions of the eye. 
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C. Method for I reaiine and Preventinu Retinal Disease, and Pharmaceutical 
(\Mnpositions 

hi one aspect, the present invention provides methods which generally 
comprise the step of intravitreously administering a gene deliver>' vector which directs 
the expression of one or more proteins, polypeptides or enzymes to the retina in order 
to treat, prevent, or inhibit the progression of a retinal disease. In another aspect, the 
present in\ ention provides methods for administering a gene deliver}' vehicle to the 
brain, wherein the expression of one or more polypeptides, proteins, or enzymes is 
directed. As utilized herein, the terms '^treated, prevented, or, inhibited" refer to the 
alteration of a disease course or progress in a statistically significant manner. 
Determination of whether a disease course has been altered may be readily assessed m 
a variety of model systen^s, discussed m more detail below, w hich analyze the ability 
of a gene delivery vector to delay, prevent or rescue photoreceptors, as well as other 
retinal cells, from cell death, or to delay or prevent cell damage or death m the brain. 

1 . Retinal Diseases of the Eve 

A wide vanety of retinal diseases may be treated given the teachings provided 
herein. For example, within one embodiment of the invention gene delivepy^ vectors 
are administered to a patient intravitreously m order to treat or prevent macular 
degeneration. Bnefly, the leading cause of visual loss in the elderly is macular 
degeneration (MD), which has an increasingly important social and economic impact 
in the United States. As the size of the elderly population increases in this country, 
age related macular degeneration (.AaMD) will become a more prevalent cause of 
blindness than both diabetic retinopathy and glaucoma combined. Although laser 
treatment has been shown to reduce the risk of extensive macular scarring from the 
"wet" or neo vascular form of the disease, there are currently no effective treatments 
for the vast majority of patients with MD. 

Within other embodiments, gene deliver\^ vectors can be administered to a 
patient intravitreously in order to treat or prevent diabetic retinopathy, or other 
vascular diseases of the retina. 

Withm another embodiment, gene deliverv' vectors can be administered to a 
patient intravitreously in order to treat or prevent an inherited retinal degeneration. 

21 
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(Jne ofthc iriO>i common mhcnted retinal dcgcncraiions is returns piLimeniosa iRP). 
which results in the desiruclion of phoiorecepior cells, and ib.e RPE. Other inhented 
condiiions include Sl> syndrome: Bardet-Biedl syndrome (autosomal recessive): 
Congenital amaurosis (autosomal recessive): Cone or cone-rod dystrophy (autosomal 
5 dominant and X-linked forms): Congenital siationar\ night blindness (autosomal 
dominant, autosomal recessive and X-lmked fomis): Macular degeneration 
(autosomal dominant and autosomal recessive forms): Optic atrophy, autosomal 
dominant and X-linked fomis): Retinitis pigmentosa (autosomal dominant, autosomal 
recessi\e and X-linked fonns): S\'ndromic or s\'stemic retinopathy (autosomal 
in dominant, auiosomal recessi\c and X-lmkcd fomis): and Usher syndrome (autosomal 
recessiv e). This group of debilitating conditions aftects approximately 100, 000 
people m tb.e United States alone. 

Within other embodiments of the inv ention, gene deh\ crv' vectors can be 
administered to a patient intravitreously in order to treat or prex ent glaucoma. 
1 5 Glaucoma is a heterogeneous group of disorders that share a distinct type of optic 
ner\ e damage that leads to loss of visual function. The disease is manifest as a 
progressive optic neuropathy that, if left untreated, leads to blindness. It is estimated 
that as many as 3 million Americans have glaucoma and, of these, as many as 120,000 
are blind as a result. Funhermore, it is the number one cause of blindness in African- 
20 Americans. Its most prevalent form, primary open-angle glaucoma, can be insidious. 
This form usually begins in midlife and progresses slowly but relentlessly. If detected 
early, disease progression can frequently be arrested or slo\\ ed with medical and 
surgical treatment. 

25 2. Lysosomal Storaee Diseases of the Brain 

In the brain, both neurons and cells of glial lineage are affected. The brain 
lysosomal storage and decreased neuronal numbers may contribute to the behavioral, 
memoPv-, and cognitive deficits seem in MPS \TI mice (Chang et al., Neuro Report 
7:50"'ol0. 1993). In humans, clinical features related to brain lysosomal storage 

30 include deafness and mental retardation. The morphological aspects of hearing loss in 
affected mice include thickening of the tympanic membrane, otitis media with 
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expansion of the middle ear mucos, dcibmiaiion oflhc middle ear ossicles, and inner 
ear alterations (Beiry et al.. Lab. Invest. 77:438-445, 1994). 



3. Methods of Administration 

5 Gene delivery- \ ectors are delivered to the eye by intravnreous injection. The 

vitreous is approached either through the ora serata or directly through the pupil, 
negotiating the needle around the lens. In one application, the primary target cells to 
be transduced are the retinal ganglion cells, which are the retinal cells primarily 
affected in glaucoma. In this application, the mjection volume of the gene delivery 

10 vector can large, as the volume is not constrained by the anatomy of the 

inteqohotorcceptor or subretinal space. Acceptable dosages in this instance can range 
from 25 |il to 1000 ul. In another application, the retinal pigment epithelium (RPE) 
cells arc the target cells. Both cell types arc targeted by the FI V virus. 

Gene delivery' vectors are delivered to the brain of mice by injection into the 

1 5 straitum or right lateral ventricle. Intraventricular injection results in transduction of 
both ependyma and choroidal epithelium. 



4. Assays 

A wide variety of assays may be utilized in order to determine appropriate 
20 dosages for administration, or to assess the ability of a gene delivery vector to treat or 
prevent a particular disease. Certain of these assays are discussed in more detail 
below. 



a. Electroretmographic analysis 

25 Electroretinographic analysis can be utilized to assess the effect of gene 

delivery^ administration into the retina. Bnefly, animals are dark adapted overnight 
and then m dim red light, then anesthetized with intramuscular injections of xylazine 
(13 mg/kg) and ketamine (87 mg/kg). Full-field scotopic ERGs are elicited with 10- 
fasec flashes of white light and responses were recorded using a UT AS-E 2000 Visual 

30 Electrodiagnostic System (LKC Technologies, Inc., Gaithersburg, MD). The corneas 
of the rats are anesthetized with a drop of 0.5^/o proparacaine hydrochloride, and the 
pupils dilated with 1% atropine and 2.5% phenylephnne hydrochloride. Small 
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coiUact icn>cs wwh gold w ire iv-^ops arc placed on both comcas uiih a drop of 2.5^'..- 
nieiln lcciluiosc lo n^iamlain corneal h\ draiion. A sih er \Mre reterence elecirodc is 
placed subciiiancoLisiy bct\v een the e\ es and a around electrode is placed 
suhcuianeousK in the hind le^ji. Stimuli are presented at intensities of -1.1, 0» and 1.*^ 
log cd m'-^ at lO-second. 3(*-sccond and 1 -minute niier\als. respectivel\'. Responses 
are amplified a: a gam of 4jm)(», filtered between n.3 to 5()() Hz and digiti/ed ai a rate 
o!'2.<iOO Hz on 2 channels. Three responses arc averaged at each intensity. The a- 
\\ a\ es are m.easured from the baseline to the peak in the comea-ncgativc direction, 
and b-\vaves are measured from the comea-negative peak to the major comea-positive 
peak. For quantitative comparison of differences between the two eyes of rats, the 
v alues from all the stimulus intensities arc averaged for a given animal. 

b. Retinal tissue analysis 

Retinal tissue analysis can also be utilized to assess the effect of gene deli\ er\' 
administration into the retina. This procedure is descnbed in more detail below in 
Example 2. 

c. Neurological function 

In mice, neurological function can be measured by EEC Behavioral, 
memor\', and cognitive function can be assayed as described. (Chang et al., Neuro 
Report 4:507-510, 1993.) 

d. Neural tissue analvsis 

Tissues can be harvested from treated mice or primates, and processed for 
evaluation of lysosomal distension using routine procedures. In this invention it is 
useful to evaluate, for example, the ipsi lateral striatum, ipsilaieral cortex, and contra- 
lateral cortex. Measurements performed over time can indicate increasing correction 

of cells distant to the vector administration sue. CSF can also be collected and 
e\ aluatcd for protein levels or enzyme acti\'it\ . particularly if the \ ector encodes a 
secretable enzvTne. 
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5. Pharmaceutical Compositions 

Gene dehvcw \ eclors may be prepared as a phaniiaceutical product suitable 
for direct administration. Within preferred embodiments, the \'ector should be 
admixed with a pharmaceutically acceptable carrier for intra\'itreous administration. 
Examples of suitable carriers are saline or phosphate buffered saline. 

Experimental 

Below are examples of specific embodiments for carrying out the present 
invention. The examples are offered for illustrative purposes only, and are not 
intended to limit the scope of the present invention in any way. 

Efforts have been made to ensure accuracy with respect to numbers used (e.g., 
amounts, temperatures, etc.). but some experimental error and deviation should, of 
course, be allowed for. 

Restriction and modifying enzymes, as well as other reagents for DNA 
manipulations were purchased from commercial sources, and used according to the 
manufacturers' directions. In the cloning of DNA fragments, except where noted, all 
DNA manipulations were done according to standard procedures. See, e.g., 
Sambrook et al., supra, 

EXAMPLE 1 
P-GLUCURONIDASE EXPRESSION IN 
NEURONAL TISSUE OF MPS VII MICE 
fi-glucuronidase deficiency, or MPS VH. is representative of a group of 
lysosomal storage disorders in humans characterized by accumulations of 
5 proteoglycans. The disease is progressive, with most tissues affected including the 
CNS- Mouse models for B-glucuronidase deficiency reflect characteristics of the 
human disorder, and cells in diseased tissues contain numerous, distended lysosomes. 
In the brain, both neurons and cells of glial lineage are affected. Figure 1 illustrates 
the VII mice (IB) compared to normal hver (1 A). Figure 2 illustrates lysosomal 
0 granules in brain of MPS VTI mice (2B) compared to nonnal brain (2A). 
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A \cciors cxpressnig !5-^iacuronidase w ere generated w hich \\ erc 

de\ o:d olM! and ORV 2 ( FI\'L^i:lucA\ ifAorC L as described beiou in Hxample 1 B and 
disclosed in Imemaiional Pubhcaiion No. WO 99 ?()5i 1. published July 22, 1999. 
X'cciors were miectcd into the striatum ot Ivglucuronidasc deficient mice, and animals 
sacrificed 3 to IS weeks later and tissues analyzed lor transgcne expression, enzyme 
activity, and correction ot"" pathology. 

FlX'Bgluc vector-mediated gene transfer resulted in robust levels ol" expression 
in the injected hemisphere, 3 weeks after injection of vector. A representative coronal 
section from a mouse sacrificed 3 weeks after injection is shown in Figure 4. The 
level of actiMiy did not decline by IS weeks, and there was no e\idence of 
innammatory' infiltrate. 

In SITU RNA analysis for human B-glucuronidase mRNA confirmed that 
transduction \\ as limited to cells near the injection site, and suggests that mRNA 
and or \'irus was not transported to distant cells. Thus, the extensive distnbution of 
enzNTOc likeK' resuhs from secretion b\' transduced cells, followed by distnbution via 
the CSF and extracellular fluids, with uptake by distant cells. 

Tissues harvested from B-glucuronidase deficient mice injected into the right 
striatum with FIVBgluc vector wxre also processed for evaluation of lysosomal 
distension. In tissues from mice sacrificed 3 weeks after gene transfer, correction was 
noted in the ipsilateral striatum, ipsilateral cortex, and modest reductions in storage 
product were noted in the contralateral cortex. By 0 weeks, there was dramatic 
restoration of cellular morphology in both hemispheres of the brain (Figure 5). This 
extensive correction w as maintained at 18 w eeks the last time point studied because of 
the shortened life spans of these animals (approximately 6 months). The results 
suggest that persistent expression of this enzyme, approximately 2-5% of which is 
secreted, can result in correction of cells at increasing distances over time. This result 
indicates that focal transduction with a gene transfer vector expressing a soluble 
lysosomal enzyme can lead, eventually, to \\ ide-sprcad dissemination of the enzyrne. 
This is enhanced by stable expression by FI\'-bascd vectors devoid of ORF 2 and vif. 

P-glucuronidase deficient mice show progressive impairment in neurologic 
function as measured by EEG. In B-glucuronidase deilcient mice gi\ en FIX'Bgluc 
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vector, the progressive impairment is attenuated, presumably by expression of 
functional enzyme and clearance of storage product. 

These results indicate that FIV-based vectors, dcvoici of accessory proteins, 
can ulobally correct a severe neurologic deficit in the brains of mice suffering from 
5 lysosomal storage disease. 

B. The effects of FI VliglucAvit Aorf2 gene transfer on learning and memory 
w as also evaluated after injection into 15 \vk old B-glucuronidase-deficient mice with 
established cellular deficits. FIV vectors for use m this example were generated 
10 essentially as described in International Publication No. WO 99 3651 1, published July 
22. 1999. Specifically, FIV packaging constructs were generated in a series of steps 
from the full-length FIV molecular clone, F1V-34TF10 (NIH AIDS Research and 
Reference Reagent Program, Cat. No. 1236; Phillips et ah, J. ViroL 66: 5464, 1992, 
Talbott et ah, PNAS 86: 5743, 1989) as described (Johnston et al., J Virol 7J:4991- 
15 5000, 1999). The FIV vector construct, pVET, CBgal (pVETi CB in ref (Johnston et 
al., J Virol 75:4991-5000, 1999), was generated by inserting an expression cassette 
consisting of the CMV promoter followed by the P-galactosidase gene into the pVETl 
FIV vector backbone. The pVETj backbone contains the FIV 5' LTR, in which the 
FIV U3 region is replaced by the CMV promoter/enliancer, 0.5 kb of Gag coding 
20 region, a multicloning site and the FIV 3' LTR (Johnston et ah, J Virol 75:4991-5000, 
1999) Jo construct pVETLRBgluc, an RSV promoter lacking a functional 
polyadenylation signal was first liberated from pUC19RSV by digestion with BamH I 
and Sal I. The resulting fragment was inserted into similarly digested pVET^ to 
generate pVET, RSV. Next, the P-glucuronidase cDNA was liberated from pAdRSV4 
25 by digestion with XJio 1 and the resulting fragment ligated into Sal I digested/CIP 
treated pVET^RSV to generate pVET^ Rgluc (^polyA). A portion of the P- 
glucuronidase cDNA was amplified by PCR and the product digested with Bgl II and 
XJio I in order to remove the polyadenylation signal from the cDNA. To generate 
pVET, Rgluc, the resulting fragment was joined in a three-v.'ay ligation with an Nco 
30 lIBgl II fragment and a A7zo \INco I fragment from pVET^ Rgluc (-^polyA). All 

constructs were screened by restriction enzyme digestion and the sequence of regions 
amplified by PCR confirmed by sequence analysis. Oligonucleotides were 
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s\iithesizcd by Opcron Technologies. Inc ( Alameda, CA) and sequences as w ell as 
more detailed clonmg mcihods are a\ailahle upon request. Consiruciion of the \'S\'- 
G envelope expression plasmid. pCM\'-(j, has been described (Vee et. a!.. P\AS 
0!\95b4, 19^4). Pseudoiyped FI\*Pgluc and FI\'6gal vector particles \^ere generated 
by transient transleciion ol'plasmid DNA into 293T cells plated one day prior to 
iranstection at a density ot 2.8 \ lo' cells per lu cm diameter culture dish. 
Cotranstections were peri'omied using a 1 :2: 1 molar ratio of Fl\' packaging construct. 
FI\' \ ector construct and \ S\'-G envelope-expressing plasmid. DNA complexes 
w ere prepared using calcium phosphate (Profectin kit: Promega Corp. Madison, W'l) 
and transfected inio cells according to the manufacturer's instructions. The medium 
w as replaced S-16 hr after iransfcction and the supernatant harvested tw ice between 
32 and 4S hr alter liic start otTransfection. The har\ ested supcmatanis were filtered 
through a 0.45 M Nalgene filter and stored at -70 "C or concentrated pnor to storage. 
Supematants were concentrated by ccntnfugation (Johnston et al., J Virol 7.'?:4991- 
5000). X'ector tilers were determined on HTIOSO cells by senal dilution and assay for 
B-galactosidase or B-glucuronidase expression (Li et al., PNAS 92:7700-7704, 1995). 

C57BL/6 mice were obtained from Harlan Sprague (Indianapolis, IN). These 
mice are deficient in P-glucuronidase and provide an accepted animal model for the 
study of lysosomal storage disease. Mice with a deficiency in this soluble lysosomal 
enzyme manifest both visceral and CNS manifestations, thus recapitulating the human 
syndrome, also known as Sly syndrome or MPS VIL The inability to appropriately 
degrade proteoglycans leads to progressive accumulation of precursor products in the 
lysosomes. In this storage disease enzyme production and release by a subpopulation 
of parenchymal cells within the brain results in widespread clearing of metabolic 
precursors. For virus injections, the P-glucuronidase-deficient mice wxre anesthetized 
with ketamine'x\ lazine (ketamine 100-125 mg kg. xylazine 10-12.5 mg'Kg). The 
bregma was then exposed by incision and used as a zero coordinate and injections 
made stereotactically into the stnatum or x entricle as previously described (Ghodn et 
al.. Hum Gene Ther 9:2331-2340. 1998). 

For histological studies the mice were injected unilaterally with 5 \x\ 
( intraparenchymal ) or 1<> ul ( intra\'entncular) of FI\'(igal, FIX'figalAvif, 
FI\T.^galAort2, or FI\'f3galAvit'Aorf2 or FI\*BglucA\ ifAorfZ. Animals were sacnficed 
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at 3, 0, 9. 15. and IS weeks after gene transfer and brains analyzed for enzyme 
activity, volume analysis, in-situ RNA hybridization, and analysis of storage vacuoles 
as previously described (Li et al., FN AS 9::77()0-77()4, 1995). 

Delivery of FIVf3glucAvifAorf2 to the brains of eight-week old (i- 
5 glucuronidase deficient mice resulted in transduction of cells near the injection site. 
However, the level of enzyme activity measured by the histological assay extended 
well beyond the focus of transduced cells, with 20-25% of the hemisphere positive for 
enzyme activity, and was relatively stable. Tissues har\'ested from B-glucuronidase- 
deficient mice injected into one hemisphere of the brain with FIVBglucAvifAorf2 
10 were examined for the effects of gene therapy on lysosomal distension. In tissues 

from mice sacrificed 3 weeks after gene transfer, histological correction w^as observed 
in the ipsilateral striatum, ipsilateral cortex, and modest reductions in storage product 
seen in the contralateral cortex. No inflammation was found m brains of animals 
sacrificed at this time. By 6 weeks, there w as dramatic restoration of cellular 
15 morphology in both hemispheres of the brain indicative of cross-correction. The 

absence of lysosomal inclusions was maintained through the course of the study (18 
weeks) suggesting that persistent expression of this enzyme from transduced cells, 
approximately 2-5% of which may be secreted, results in correction of cells at 
increasing distances over time. 
20 These findings have direct therapeutic implications because they show that 

focal transduction with lentivirus-based vectors expressing a soluble lysosomal 
enz\mie can lead to wide-spread dissemination of the gene product. 

Gene therapy-mediated correction of the histopathological defects in the CNS 
of animals with established, advanced, neurodegenerative disease has not been shown 
25 to result m improved neurological function. Such an improvement after gene therapy 
would indicate that the CNS disease might in part be reversible. Accordingly, the 
ability of FIVBglucAvifAorf2 to restore or improve CNS function was evaluated. 
Specifically, the affect of FIV-mediated gene transfer of FIVBglucAvifAorfZ on 
spatial learning ability was examined. The repeated acquisition and perfomiance 
30 chamber (RAPC) was utilized to assess spatial learning and memor\^ in both gus -^Z- 
and gus -/- mice (Brooks et al.. Repeated Acquisition and Performance Chamber for 
Mice: A Paradigm for Assessment of Spatial Learning and Memory. Neurobiology of 
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LcanuiTj Mcnior>. dn Press)). In bnci. mice were firs; depnxed ol water for 12-1(> 
hours and habituated to a saccharin soUuion betorc being introduced nito the RAPC 
tor ihe first lime. A <.).2*'n sohition of saccharin dissolved :n water was provided for 
?o mintites twice a day for 2 days, atler which regular drinking water w as provided ad 
5 iihiiuni. Subsequently, all mice were given four apparatus habituation sessions, each 
allowed to freely explore the chambers and consume saccharin drops: 1 ) Placed in 
tVoni and m back of all doors w ith all doors taped open i session A): 2) in front and in 
back of all doors with all doors unlatched (session B); 3) only in back of C and D 
doors with all doors unlatched (session C): 4) onl\ in back of D doors with all doors 
in unlatched (session D). 

Following habituation, mice w ere tested o\ er the course of four expenniental 
sessions {sessions ' i and 3 4 were separated h\ 5 weeks). A 12 hour water 
depri\ ation period preceded ail behavioral test sessions, which occurred 
approximately e\ er\' third day, with ad lihuum w ater on non-test days for the 
1 5 remainder of the study. Each session consisted of three presentations each of the 

repeated acquisition (RA) component and the performance (P) component. In the RA 
component, the specific door sequence changed unpredictably with each successive 
test session (not trial) according to a matrix that prevented the same door on a given 
panel from being open on consecutive sessions. During the P component, the 
20 sequence of doors leading to saccharin was constant across sessions. A static audio 
signal w as played for the duration of the P component as a discnminative stimulus 
signaling that component, whereas the absence of the audio signal served as the 
discriminative stimulus for the RA component. A total of three trials (from goal box 
to saccharin) were carried out dunng each presentation of the RA and P components 
25 dunng a session, for a total of 1 8 trials per session. Latency was measured as the time 
required for a subject to leave the start box, successfully navigate through the four 
compartments, and consume the sacchann solution in the goal box. Mice were 
manually placed in the goal box in the event of failure to reach it w ithin 10 minutes 
on any tnal. In addition to latency, the number and sequence of door errors made b\ 
30 the subject w ere also recorded. 

Initial RAPC experiments were performed on untreated 6-glucuronidase- 
detlcient and age-matched, heterozygous, control animals to define baseline learning 
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and pcrtbnriance abilities. At 8 weeks of age companson of the number of errors 
niatle bv ihe B-glucuronidasc deficient and control mice indicated that the B- 
elucuronidase deficient mice have a baseline impairment in learning. Baseline 
differences (pre-trcatment) in numbers of errors and latencies in the RAPC were 
5 evaluated using repeated measures analyses of variance with component ( learning and 
performance) and session (1-4) as within group factors and B-glucuronidase status (+/- 
vs -/-) as a betw een-group factor. These were followed, where appropriate by one 
factor ANOVAs (B-glucuronidase status) for individual session data. Statistical 
assessment of changes in these measures post- treatment were carried out separately 
10 for each treatment (FIVBgal and FIVBgluc) and for each component (learning and 

performance) in RM ANOVAs with B-glucuronidasc status (-r/- vs -/-) as a belween- 
uroup factor and session ( 10-14) as withm group factors. Subsequent one factor 
ANOVAs were used where appropriate for determining differences between vs - 
groups for each session. 
15 Fourteen days following gene transfer animals were re-assessed in the RAPC 

as described above. Three sessions were conducted post-operatively (each session 
separated by one week) to assess the effects of FIV mediated gene transfer. 

Baseline Differences between -^/- vs. Groups : B-glucuronidase deficient 
mice (-/-) showed significantly greater numbers of errors in the RAPC in both the 
20 learning and the performance component of the session over the 4 baseline sessions in 
which they were tested (main effect of group: F(l, 12)^=742. 05, p=0.000r) with 
subsequent post-hoc assessments confirming differences between the two groups 
during each session and in both the learning and performance components (all p 
values <0.05). Mean group error values of the +/- group in the learning component 
25 ranged from 32 to 47 whereas corresponding values for the -/- mice were 66 to 88. 

Similarly, numbers of errors in the performance component of the group ranged 
from 10 to 16 with values of the group higher at 24 to 29. Latencies and error 
number in the RAPC learning component increased m B-glucuronidase deficient mice 
tested between the Sth and 13th week of age indicating progressive impairment of 
30 cognitive function. 

Latency values between the ^1- and groups : Latency values also differed 
between the ^ /- and groups (main effect of group: F( 1,1 2)^6. 17, p=0.029). In the 
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i-jaminu componcni. - - niuc aciuali\ exhibited siunificamK shorter latencies duriiii: 
the first session, but these subsequent!) increased, such that by sessions 3 and 4. 
latencies ot'the - - group were signitlcanth higher than those ot'thc - group 
(approximately 1^5 vs. 12*' sec). Similarly, latenc\ \alues of the - - group were also 
5 signitlcantK' shorter duriiig the first 2 sessions m the performance component of the 
schedule (approxmiatel\ 25 vs. 50 sec t but rose o\ cr the subsequent lime period such 
that by session 4 their latcnc\ values sigmficantls' exceeded those of the - - group (51 
vs. 59 sec) and this represented almost a doubling of latencies across time for the - - 
group. 

Post-Treatment Differences : Mice from the - - group that received FIX'Pgal 
continued to show significantly greater numbers of errors in both the learning and the 
pcrfomiance components relaii\e to - - mice corresponding!\ treated (F( 1,3)^-386.4, 
P^().r)()U3 and F( K3)=262.9S. p--0.0005) for the learning and performance 
components, respectively ). The magnitude of the differences remained comparable to 

15 those seen prior to treatment. Similarly, - - mice that recen ed FIVPgal also continued 
to sustain longer latencies than did - mice (F( 1 ,3)=- 107.5, p=0.0019 and 
F( 1 .3)==12.96, p^O.037, respectively, for the learning and performance components). 
These differences were sustained across sessions as indicated by the absence of any 
significant interaction of group by sessions in these analyses. 

20 In contrast, mice trom the group that received Fivpgluc no longer 

evidenced any differences from the mice that received FIvpgluc in the number of 
errors in the learning component (main effect of group, both p values >0.05). 
Numbers of errors for the - - and -r,- groups averaged approximately 36 and 39, 
respectively in the learning component. Correspondingly, the numbers of errors of - 

25 mice that received FIVpgluc were initially higher than those of the -^/- mice that 
received FIvpgluc, but they declined across the course of sessions (interaction of 
group by session ^F( 1,6)^28.3, p^O.0009) such that by the final session, values no 
longer differed (p^^O. 1 8). Similarly, latency differences that were obser\^ed between 
the -^/- and - groups prior to treatment were no longer e\'ident follovving FIV'Pgluc in 

30 either the learning (p^ 0. 1 8) or the performance component (p=0.32) of the schedule. 

FLAJPC tests done 2 and 3 weeks after gene iransl'^er demonstrated marked 
differences between the experimental groups. The data from the RAPC tests acquired 
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after gene transfer indicated a significant improvement in the leaming component in 
B glucuronidase deficient mice that received FIVfiglucAvifAorf2. hiterestingly, there 
was no statistical difference between B-glucuronidase deficient mice injected with 
FIVBglucAvifAorf2 and FIVf3galAvifAorf2-injected control mice. Because there was 

5 no decline between the FIVBgalAvifAorfZ heterozygous control mice from their pre- 
injections values, the Bgal gene transfer itself did not reduce the performance or 
leaming components of the control group. Thus, FIVRglucAvifAorl2 gene transfer 
had a profound positive impact on the progressive neurodegenerative disease in the B- 
glucuronidase deficient mouse model. The RAPC data indicate that gene transfer 

10 restored cogniti\'e function to brains of B-glucuronidase deficient mice. 

The combined results are important because they show that FlV-based vectors, 
devoid of accessorv' proteins, can reverse a severe neurologic deficit in the brains of 
mice with an established lysosomal storage disease. 



15 

EXAMPLE 2 
TR/\NSGENTC RAT S334TER AS A MODEL 
FOR PHOTORECEPTOR DEGENERATION 
This example describes the S334ter transgenic rat as a model for photoreceptor 
20 degeneration. Briefly, rhodopsin is a seven-transmembrane protein found in 

photoreceptor outer segments, which acts as a photopigment. The S334ter mutation 
results in the truncation of the C-terminal 15 amino acid residues of rhodopsin and is 
similar to rhodopsm mutations found in a subset of patients with retinitis pigmentosa 
(RP). RP is a heterogeneous group of inherited retinal disorders in which individuals 
25 experience varying rates of vision loss due to photoreceptor degeneration. In many RP 
patients, photoreceptor cell death progresses to blindness. Transgenic S334ter rats are 
bom w^ith normal number of photoreceptors. The mutant rhodopsin gene begins 
expression at postnatal day 5 in the rat, and photoreceptor cell death begins at 
postnatal day 10-15. In transgenic line S334ter-3, approximately 70% of the outer 
30 nuclear layer has degenerated by day 60 in the absence of any therapeutic 

intervention. The retinal degeneration in this model is consistent from animal to 
animal and follows a predictable and reproducible rate. This provides an assay for 
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Therapeutic ctYcci by morphological cxaminalion of the thickness of the photoreceptor 
nuclear la\er and comparison of the treated eye to the untreated (contralateral) e\e in 
the same indi\ idua'i animal. 

5 A. Retinal tissue analysis 

The rats are euthanized by overdose of carbon dioxide inhalation and 
immediately perfused intracardially with a mixture of mixed aldehydes (2*^o 
fomialdehyde and 2.5'^ o ghiiaraldehyde). Eyes are removed and embedded in epoxy 
resm. and lum thick histological sections are made along the vertical meridian. 

1(1 Tissue sections are aligned so that the ROS and Mullcr cell processes crossing the 

imier plexifomi la\ er are continuous throughout the plane of section to assure that the 
sections arc not oblique, and the thickness of the ONL and lengths of RIS and ROS 
are measured These retinal thickness measurements arc plotted and establish the 
baseline retinal degeneration rates for the animal model. The assessment of retinal 

1 5 thickness is as follows: brietly, 54 measurements of each layer or structure are made 
at set points around the entire retinal section. These data are either averaged to 
provide a single value for the retina, or plotted as a distribution of thickness or length 
across the retina. 

For FI\' vector evaluation experiments m vivo, a suitable line of transgenic 
20 rats is TgN(s334ter) line 4 (abbreviated s334ter 4). Expression of the mutated opsin 
transgene begins at postnatal day P5 in these rats, leading to a gradual death of 
photoreceptor cells. These rats develop an anatomically normal retina up to PI 5, 
with the exception of a slightly increased number of pyknotic photoreceptor nuclei in 
the outer nuclear layer (ONL) than in non-transgenic control rats. In this animal 
25 model, the rate of photoreceptor cell death is approximately linear until P60, resulting 
in loss of 40-60^ 0 of the photoreceptors. After P60. the rate of cell loss decreases, 
until by one year the retinas have less than a single row of photoreceptor nuclei 
remaining. 
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HXAMPLH 3 

[VGKl jCI IRONIDASE OR B-GALACTOSIDASE RXPRRSSIQN AFTHR FIV- 
MEDIATET3 GENE TRANSFER IN RFTINAL PIGMENT EPITHELIUM OF 
GLIXURONIDASE-DEFICIENT MICE 
A. In this example, the cellular targets for transduction following 
intravitreal (conieal and era serata) injection of FlVPgal (feline immunodeficiency 
virus expressing E. coli ^-galactosidasc) were tested. One microliter w as injected 
intravitreally. Results show that both corneal endothelium and cells of the ins could 
be transduced, Intravitreal injection of FlBfigal also resulted in very efficient 
transduction of the RPE. 

Immunohistochemistry following intravitreal injection of a mixture of 
confinned AdGFP (adenovirus expressing green fluorescent protein) and FIVPgal 
confirmed that both viruses could mediate transduction of corneal endothelium and 
cells of the iris (Figure 3A), and that FIV could also transduce cells in the retina 
(Figures 3B and 3C). In some cases, photoreceptor cells were also transduced 
following intravitreal injection of FIVPgal. Transgcne expression with FIVpgal 
remained relatively stable for 21 days, the last time point tested. The efficacy of 
intravitreal injection of FIVPgluc (FIV expressing p-glucuronidase) was tested using 
an animal model of RPE-dependent photoreceptor cell degeneration, the P- 
glucuronidase deficient mouse. Intravitreal injection of FIVpgluc to the eyes of P- 
glucuronidase deficient mice resulted in rapid reduction (within 2 weeks) of the 
lysosomal storage defect within the RPE, 

Vector is administered to the vitreous as described in Li, T. And Davidson, 
B.L. (1995) Proc. Natl Acad Sci. 92:7700-7704. P-glucuronidase expression is 
measured as described by Li and Davidson (1995). 

B. p-glucuronidase-deficieni and Balb/C mice were used to assess the ability 
of FIV vector particles to transfer genes mtraviireally. BalbC mice were used for P- 
gal and eGFP injections due to the lack of pigmentation in the eye, therefore allowin 
the transgene product to be visualized easier. FIV packaging constructs were 
generated in several steps from the full-length FIV molecular clone, FIV-34TF10 
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(MH AIDS Research and Reference Reagent ProLirani, Cdi. No. 1236. Philhps ci ai., 
./ l ira! 66: 54fU. \9^)2. Talboil ci al.. IWAS 5~43, h>b^^M as described abo\ c in 
{:\ample 1 B. In particular, the FI\' vector constructs \\ ere generated b\' insertion ot 
an expression cassette into the p\'IIT. FI\' \ector backbone i Johnston et al.. J I'lroi 
''_v4^)^M-500(j. 1')^^). (^-galactosidase expression was dnven by the CM\' promoter, 
while the p-glucuronidase expression was driven by the RS\' promoter ( Johnston et 
al.. J I'lroI 7j;4'^)9 1-5000. The construction of \'S\*-c envelope expression 

piasmid, pCM\'-G. has been previously described {Ycc et al.. P\AS 9/:9564-956S. 
|g94). The generation of psuedotyped FHX'Pgal and FI\'Pgluc vector particles 
through transient transfection has been described (Johnston et al., ./ I'lroI ^3:499]- 
5000. 1999). 

All animals used in this exan^ple were betueen 4 and 8 weeks old and 
weiuhed between 12 and 24 grams. Mice \\ ere anesthetized with Ketamine-Xylazine 
(ketamine, 100-125 mg/kg; x\'lazine, 10-12.5 mg.kg). Eyes were dilated with 0.2''o 
cyclopentolate. 0.5" o phenylephrine, and 0.05% tropicamide. After dilation a drop of 
0.5? 0 proparacaine was administered as a topical anesthetic. A microscalpel was used 
to make a small self closing incision in the cornea just central to the free border of the 
iris. A 5 microliter Hamilton svxinge with a fixed 1 inch blunt 33 gauge needle 
{Reno, was inserted through the incision in the cornea and slid between the iris 
and the lens into the postenor chamber of the eye where 1 - 2 microliters of virus 
(FIW 1 X 10" TU, Ad 1 X 10" lU) or saline was injected into the vitreous. Injections 
were obser\'ed at low magnification with a stereo microscope. The incision was 
coated with antibiotic ointment to help prevent leakage and infection. To aid 
recover>', the animals were injected with 1 milliliter normal saline subcutaneously and 
placed under a heat lamp- 
Animals sacrificed for histochemical analysis were anesthetized and perfused 
w ith 2^ o paraformaldehyde m PBS. Eyes were enucleated and postfixed for 4 hours 
m 2"o paraformaldehyde, after postfixation the lens was removed and the eyes were 
cPv'oprotected in 30^o sucrose in PBS. The eyes were frozen in O.C.T. (Sakura 
Finetek U.S.A.. Torrence, CA) and 10-um slide sections were prepared. 

For ('-galactosidase staining, slides were nnsed with PBS and then reacted 
with 35 mM K.Fe(CN).. 35 mM K,Fe(CN),. 2 mM MgCF. and 5-bromo-4-chloro-3- 
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indo\i-P)-l)-galaclopyranoside (X-GaL Imu ml; Sigma, Si. Louis, MO) in PBS for 4 
hours at 37°C to identify (^-galactosidasc activity. 

To visualize [^-glucuronidase activity, slides were fixed with an acetone- 
formalin solution, washed two times for 5 minutes with 0.05 M sodium acetate buffer, 
5 pH 4.5, and incubated m 0.25 niM Naph-As-Bi-P-glucuronidide (Sigma, St. Louis, 
MO) m 0.05 M sodium acetate buffer, pH 4.5, all at 4^C. The slides were then 
developed for 2 hours at 37°C with 0.25 niM Naph-As-Bi-P-glucuronididc in 0.05 M 
sodium acetate buffer, pH 5.2, with 1 :500 2% hexazoti/ed pararosaliline (Sigma) 
(Bancroft, 1982: Roessler, 1994). Slides were subsequently dried and coverslipped 
1 0 with permount (Fisher). 

For co-infcction experiments, equal volumes of FIVPgal and AdeGFP (FIV, 1 
X 10' TLI, Ad 1 X 10"' ID) wxre mixed and 2 |al injected intravitreally. To visualize 
both transgenes simultaneously, we stained immunohistochemically with a rabbit 
polyclonal antibody for p-galactosidase (Sigma, St. Louis, MO) followed by a 
15 rhodamme secondary antibody (Jackson). The rabbit polyclonal antibody was 

preabsorbed for 24 hours on naive mouse tissue. All antibodies were diluted m 3.0% 
BSA crystilline fraction (Sigma, St, Louis, MO) and 0.3% saponin (Sigma, St. Louis, 
MO) in PBS. Fluorescence was observ ed with a Leica DMRBE and digital images 
captured with a spot rt camera. 
20 Ajiimals for morphological analysis were sacrificed at 2, 7, or 12 weeks post- 

injection. Animals were anesthetized and perfused with 2% paraformaldehyde, 2.5% 
gluteraldehyde in PBS. Eyes were enucleated and postfixed in the same fixative for 4 
hours. The lenses were removed and the eyes were further postfixed in 1% OSO4 in 
PBS. After fixation, eyes were dehydrated and embedded in SPURRS resin (EMS). 
25 Blocks were sectioned with a diamond knife (EMS) at 90 nm and mounted on copper 
grids. The sections were stained with lead citrate and uranel acetate and viewed on a 
Hitachi 7000 transmission electron microscope. 

As explained above, Balb/C mice were used for P-gal and eGFP injections due 
to the lack of pigmentation in the eye. therefore allowing the transgene product to be 
30 visualized easier. Eyes were evaluated at either 1 or 3 weeks after FIVPgal injection. 
P-galactosidase-positive cells were found predominantly in the retinal pigmented 



37 



wo 00 -3482 PCT. USOO 14582 

epithelium (RPE). Posui\e cells were also seen in the ciliar\ process, ins. and 
corneal cndoilieiiunv The uismhution ot' positive cells did not var\' over iime. 

These results were dissimilar to previousK published adenoviral intra\ itreal 
injection data. An miravitrcal mjection of recombinant adenoMrus results in mainly 
corneal endothelium and ins cells positive for the transgene and no positive cells in 
the RPl:. this result is similar to the results published by Li el al.. Invesi ()pthalmol 
\ 'is Sci .^-^:254?-2549, 1 To test whether the positive cells in the RPE were due to 
the FI\' vector or the injection technique a mixing experiment was pertbmied. Hqual 
\ olumes of Ad5F^S\'eGFP and FlX'^gal were mixed and injected 2.0 i^l in the 
\ itreous. GPP and (^-gal posui\ c cells were both present m ihe anterior chamber of 
the eve. but only (i-gal positn e cells w ere found in the RPH. Interestingly, there was 
an increase in the number of (Vgal positive cells found in the corneal endothelium 
\\ hen the FI\' was injected m concert with the AV. 

Treated MPS mouse eyes were examined for P-g!ucuronidase activity by 
histochemical stain as described above. The red precipitate reaction product may be 
obscured by the pigmentation in areas of the eye. Due to the secreted nature of P- 
glucuronidase positive staining cells were found throughout the eye at all time points 
( 2. 7, and 12 weeks). These eyes were analyzed for the presence of distended 
Ivsosomes usmg electron microscopy. The three main cell types that were evaluated 
for distended K sosomal presence were the corneal endothelium, nonpigmented 
epithelium of the ciliary^ process, and the retinal pigmented epithelium. Buffer 
injected and non-treated e\es showed numerous large distended Ivsosomes within the 
cytoplasmic space in all of these cell tNpes as well as other cell types ttiroughout the 
eye. In the cases of the three aforementioned cell types, all appeared swollen and 
larger than the cells in age-matched control animals. In the case of the RPE the 
pigment granules were displaced to the apical surface. However, the neural retina 
remained relatively unaffected with very few cells containing notable distended 
lysosomes. 

At tw o weeks post-injections of FIX'Pgluc, the pathological differences were 
striking under low magnification electron microscopy (2.0()0X). The distended 
lysosomes had near completely disappeared in all three cell t>pes evaluated. The 
phenotypic correction was most dramatic in the RPE and nonpigmented epithelium of 
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the ciliarN' process as the cells ot the treated animals were almost indistinguishable 
from those of the control nonnal annuals. The correction of the conical endothehum 
\\ as also quite dramatic but not as complete as found in the other cell t>pes. There 
were still some small distended lysosomes found in some of the cells. These resuUs 
held true for all time points tested with one surpnse addition at the 12 week time 
point. In addition to the corneal endothelium being partially phenotypically corrected, 
the distended lysosomes within the keratocytes of the corneal stroma were also 
significantly reduced. 

In addition to looking for phenotypical correction of the lysosomal distention 
m the eye. ^-glucuronidase enzyme levels were measured in different ocular tissues. 
At the time of sacrifice the fluid was remo\ ed from the eye and the cornea and retina 
were dissected out for analysis. 

These results show that after an intravitreal injection of recombinant FIV 
encoding for the P-glucuronidase gene, there was significant amelioration of the 
distended lysosomal phenotype in several of the affected eye tissues. Surprisingly, in 
addition to the expected correction of the phenotype in the RPE and corneal 
endothelium as shown with adenoviral gene therapy to the MPS VII mouse eye (Li 
and Davidson, PNAS 92:7700-7704, 1995) correction was observed in the non- 
pigmented epithelium of the ciliar\' process and the keratocytes of the corneal stroma. 
Correction of the phenotype w^as not limited to the cells that were infected with the 
virus as shown by Fivpgal injections. Comeal endothelial cells and the non- 
pigmented epithelium of the ciliary process were sporadically infected and no positive 
keratocytes w^ere found. Therefore correction of the phenotype in these cells is most 
likely attributable to the uptake of extracellular p-glucuronidase that has been secreted 
by transduced cells. 

EXAMPLE 4 

FIV-MEDIATED GENE TRANSFER TO THE CNS AND LIVER OF B- 
GLUCLTIONIDASE DEFICIENT MICE 
An FIV vector encoding the gene for P-glucuromdase (FIVPgluc) was injected 
into the CNS (Striatum) and systemic circulation of (^-glucuronidase deficient mice. 
The distnbution of enzyme activity and the extent of pathological correction were 
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assessed. i>-(ilucuronidasc acii\*ii\ was e\iensi\e m the ipsikueral straium 21 days 
post intraparenchymal iniection of I"I\ [^gluc to {he C'NS Acti\ ity was aiso robusi in 
the ipsilateral frontal and parietal cortex, the ependymal cells lining the ventricles, and 
the corpus callosuni. In the contralateral hemisphere enzyme activity was noted but to 
a lesser degree. Animals sacnficed at 42, 84. and 126 days following gene transfer 
continued to exhibit sustained levels of en/yme activity in the same regions. Semi- 
ihm sections from the sinatum and cortex of ^-glucuronidase deficient animals w ere 
analvzed for K somal accumulation. There was a marked reduction m the number of 
distended vacuoles in both neurons and glial ceils bilaterally, indicating correction of 
pathology. 

Twenty-one days atler intravenous administration of FlX'^gluc into the tail 
veins of detlcienl mice, histological sections showed ^-glucuronidase activity 
localized to both hepatocytes and Kupffer cells in the liver. Quantitative 
measurements using a fluoromctnc assay detected P-glucuronidase activity 
corresponding to 2*? o of wild-type activity. Analysis of semi-thin section of liver 
showed this amount of activity to be partially corrective, significantly reducing 
lysosomal distention in hepatocyles. These data indicate that FIV-mediated gene 
therapy is effective in an /;? vivo model for transduction of all cell types in the CNS 
and lix er. Furthermore, re\ ersal of the patholog\ can be achie\ ed and maintained in 
both organ systems. 

Accordingly, lentiviral vectors and methods of using the same for the 
treatment of brain and eye lysosomal storage disorders have been disclosed. From the 
foregoing, it will be appreciated that, although specific embodiments of the in\ ention 
have been described herein for purposes of illustration, various modifications may be 
made w ithout deviating from the spint and scope of the appended claims. 
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Claims: 



1 . A lentiviral vector, comprising a 5' leniiviral LTR. a tRN A binding site, a 
packaging signal, a promoter operably linked to a pol\Tiucleotide encoding a protein 
deficient in a lysosomal storage disorder of the brain or eye, an origin of second 
strand DNA synthesis and a 3' lentiviral LTR. 

2. The lentiviral vector of claim I, wherein said lentiviral vector comprises 5' 
and/or 3' LTRs from a virus selected from the group consisting of HIV, HIV-1, HIV- 

) 2, FIV and SIV. 

3. The lenti\'iral vector of claim 2, wherein said lentiviral vector comprises 5' 
and/or 3' LTRs from FI\^ 

5 4. The lentiviral vector of any of claims 1-3, wherein said lysosomal storage 

disorder is a disorder of the eye and is selected from the group consisting of macular 
degeneration, diabetic retinopathy, and inherited retinal degeneration. 

5. The lentiviral vector of any of claims 1-3, wherein the protein is selected 
0 from the group consisting of P-glucuronidase, neuraminidase, sphingomyelinase, 

sulfatase, arsdsulfatase (3, a-neuraminidase, gangliosidase, tripeptidyl protease, CLN3. 
and palmitoyl protein thioesterase (PPT). 



5 
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6. The lentiviral vector of claim 5, wherein the protein is p-glucuronidase. 

7. An FIV vector comprising a 5' FIV LTR, a tRNA binding site, a packaging 
signal, a polynucleotide encoding p-glucuronidase operably linked to an FIV LTR 
promoter or a promoter element, an origin of second strand DN.A. synthesis and a 3' 
FIV LTR. 

8. The FIV vector of claim 7, wherein the promoter is a CMV, RSV or SV40 
promoter. 
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9. A lcnti\ iral vector panicle comprisinLi the leniivirai \ ecior of an\- of claims 

l-(v 

An FI\' \ector panicle comprising the FI\' \ ector of either of claims 7 or 

S. 

11. A host cell transduced with the lentiviral vector particle of claim 9. 

1 2. A host cell transduced with the FIX' vector panicle of claim 10. 

1 ?. Use of a !enti\ iral \ cctor particle according to claim ^) or the FI\' \'ector 
panicle of claim ITL in the manufacture of a composition for treaimg a K sosomal 
storage disorder of the e\'e or brain. 

14. The use of claim 13, wherein said lysosomal storage disorder is a disorder 
of the eye and is selected from the group consisting of macular degeneration, diabetic 
retinopathy, and inherited retinal degeneration. 

15. The use of claim 13, wherein the protein is selected from the group 
consisting of (3-glucuronidase, neuraminidase, sphingomyelinase, sulfatase, 

ar\ lsulfatase p, a-neuraminidase. gangliosidase, tripeptidyl protease, CLN3, and 
palmitoyl protein thioesterase (PPT). 

16. The use of claim 14, wherein the protein is P-glucuronidase. 

1 7. Use of a lentiviral vector particle according to claim 9 or an FI\' vector 
particle according to claim 1 0. in the manufacture of a composition for treating or 
preventing cell damage m retinal epithelial cells, wherein the cell damage is 
associated with Sly syndrome. 

1 S. A method of treating a lysosomal storage disorder of the eye or brain 
compnsing providing the lentiviral vector panicle of claim 9 or the FIX* vector 
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particle of claim K). and transducing a host cell w ith said \'eclor particle under 
conditions whereby the protein encoded by the polynucleotide is expressed. 



19. The method of claim 18, wherein said lysosomal storage disorder is a 
disorder of the eye and is selected from the group consisting of macular degeneration, 
diabetic rctinopath)', and inherited retinal degeneration. 

20. The method of claim 18, wherein the protein is selected from the group 
consisting of P-glucuronidase, neuraminidase, sphingomyelinase, sulfatase, 
anlsulfatase p, a-neuraminidase, ganghosidasc, inpeptidyl protease, CLN3, and 
palmitoyl protein thioesterase (PPT). 

21 . The method of claim 18, wherein the protein is P-glucuronidase. 

22. A method of treating or preventing cell damage in retinal epithelial cells, 
wherein the cell damage is associated with Sly s>Tidrome, in a vertebrate subject, 
comprising administering to the subject a Icntiviral vector particle according to claim 
9 or an FIV particle according to claim 10. 

23. The method of any of claims 18, 19 or 22, wherein the host cell is 
transduced in vivo in a vertebrate subject in need of treatment. 

24. The method of any of claims 18, 19 or 22, wherein the host cell is 
transduced ex vivo and the transduced cell is introduced into a vertebrate subject in 
need of treatment. 
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